Background: Data on temporal trends in outcomes, gender differences, and adherence to evidence-based therapy (EBT) of diabetic patients with ST-segment elevation myocardial infarction (STEMI) are sparse. Methods: We performed a retrospective analysis of prospectively acquired data on 3565 diabetic (2412 males and 1153 females) STEMI patients enrolled in the Swiss AMIS Plus registry between 1997 and 2010 and compared in-hospital outcomes and adherence to EBT with the nondiabetic population (n=15,531). Results: In-hospital mortality dramatically decreased in diabetic patients, from 19.9% in 1997 to 9.0% in 2010 (p trend <0.001) with an age-adjusted decrease of 6% per year of admission. Similar trends were observed for age-adjusted reinfarction (OR 0.86, p<0.001), cardiogenic shock (OR 0.88, p<0.001), as well as death, reinfarction, or stroke (OR 0.92, p<0.001). However, the mortality benefit over time was observed in diabetic males (p trend =0.006) but not females (p trend =0.082). In addition, mortality remained twice as high in diabetic patients compared with nondiabetic ones (12.1 vs. 6.1%, p<0.001) and diabetes was identified as independent predictor of mortality (OR 1.23, p=0.022). Within the diabetic cohort, females had higher mortality than males (16.1 vs. 10.2%, p<0.001) and female gender independently predicted in-hospital mortality (OR 1.45, p=0.015). Adherence to EBT significantly improved over time in diabetic patients (p trend <0.001) but remained inferior -especially in women -to the one of nondiabetic individuals. Conclusions: In-hospital mortality and morbidity of diabetic STEMI patients in Switzerland improved dramatically over time but, compared with nondiabetic counterparts, gaps in outcomes as well as EBT use persisted, especially in women.
Introduction
The prevalence of diabetes mellitus has markedly increased worldwide in the last three decades. 1 Registry data have shown that in acute coronary syndromes (ACS) up to a third of patients may have known diabetes while an additional third may have undiagnosed abnormal glucose metabolism. [2] [3] [4] Diabetic ACS patients have worse outcomes than nondiabetic individuals, both in the short and the long term. 5, 6 The unfavourable outcomes may be in part explained by the higher prevalence of comorbidities and the fact that diabetic patients may be less frequently exposed to evidence-based therapy (EBT) than nondiabetic individuals. 7 While the Framingham Heart Study documented a major reduction in cardiovascular mortality over time in diabetic individuals, 8 little is known about temporal trends as well as genderrelated outcomes of diabetic patients presenting with ST-segment elevation myocardial infarction (STEMI). In a cohort of diabetic patients with STEMI enrolled in a nationwide registry over 14 years, we described gender-related temporal trends of in-hospital outcomes.
Methods

The AMIS (Acute Myocardial Infarction in Switzerland) Plus registry
The AMIS (Acute Myocardial Infarction in Switzerland) Plus project is a nationwide prospective registry of patients admitted with ACS to 77 Swiss hospitals. The details of the registry have been previously published. 9 In brief, a wide variety of institutions -ranging from community hospitals to tertiary centers -have enrolled patients in the registry since 1997. Blinded patient data are collected using a standardised web-based questionnaire and are checked for plausibility and consistency by the Institute of Social and Preventive Medicine at the University of Zurich. The registry was approved by the Above-Regional Ethics Committee for Clinical Studies and the Swiss Board for Data Security.
For each patient a total of 200 items are filled in by the study coordinator of each institution, including medical history, comorbidities, cardiovascular risk factors, clinical presentation, out-of-hospital management, early (i.e., within 24 hours following admission) in-hospital management, reperfusion therapy, hospital course, diagnostic work up, length of stay, and discharge medication. Patients are enrolled in the registry on the basis of their final diagnosis. STEMI diagnosis is based on characteristic symptoms, ST-segment elevation and/or new left bundle branch block on the initial ECG, and total creatine kinase or creatine kinase MB fraction at least twice the upper limit of normal or troponin levels according to hospital-specific assay cut-off point for myocardial infarction. The primary outcome measure was in-hospital mortality. Secondary outcome measures were in-hospital major adverse cardiac or cerebrovascular events (MACCE, defined as death, reinfarction, or stroke). Temporal trends in outcomes as well as in adherence to EBT were analysed according to diabetic status and gender. The authors are solely responsible for all study analyses, the drafting and editing of the paper and its final contents.
Statistical analysis
The present analysis included all STEMI patients enrolled in AMIS Plus between 1 January 1997 and 31 December 2010. STEMI patients were stratified as diabetic or nondiabetic based on past medical history and medications. The results are presented as percentages for categorical variables and analysed using Pearson χ 2 test or Fisher's Exact test, as appropriate. Continuous normally distributed variables are expressed as mean ± one standard deviation (SD) and compared with Student's two-tailed unpaired t-test. Continuous non-normally distributed variables are expressed as median and interquartile range and analysed by Mann-Whitney U test. A probability value of p<0.05 was considered significant. To assess the independent predictors of in-hospital mortality, the following variables were considered for multivariate logistic regression analyses: admission year; age; sex; systolic blood pressure; heart rate; history of arterial hypertension; history of hyperlipidaemia; current smoking status; Killip class >II; thrombolysis ('no reperfusion' as reference category); and primary percutaneous coronary intervention (PCI) ('no reperfusion' as reference category). The multivariate logistic regression models were computed using backwards elimination with a significance level of 0.05. For temporal trend analyses, percentages of 1997 were compared with those from 2010 using univariate logistic regression models. IBM SPSS version 20 (SPSS, Chicago, IL, USA) was used for all statistical analyses.
Adherence to EBT was assessed by means of a score (with values ranging from 1 to 8) based on whether or not eight therapies (each being assigned 1 point) were administered at any time point during hospital stay: aspirin, clopidogrel in patients undergoing PCI, glycoprotein IIb/IIIa receptor (GP IIb/IIIa) antagonists in patients undergoing PCI, beta-blockers, angiotensin-converting enzyme inhibitors or angiotensin II antagonists, statins, heparin or lowmolecular-weight heparin, and reperfusion therapy with either thrombolysis or primary PCI.
Results
Impact of diabetes mellitus on outcomes
During the analysed period, a total of 34,772 patients with ACS were enrolled in the registry and 19,977 of them presented with STEMI. Among the STEMI population, 15,531 patients were classified as nondiabetic and 3565 patients as diabetic. There were 881 patients (4.4%) excluded from the analysis because diabetic status was missing. Baseline characteristics of the nondiabetic and diabetic cohorts are reported in Table 1 . In essence, diabetic patients were older, had a higher prevalence of additional cardiovascular risk factors other than smoking, exhibited a longer delay between symptom onset and hospital admission, presented less frequently with chest pain but more often with dyspnoea, were in higher Killip class at presentation, and had more frequently atrial fibrillation. In addition, diabetic patients had more frequently known coronary artery disease and comorbidities such as cerebrovascular disease, peripheral arterial disease, and renal disease. With respect to early drug therapy (i.e. within 24 hours of admission), diabetic patients received less frequently aspirin, clopidogrel, glycoprotein IIb/IIIa receptor inhibitors, beta-blockers, and lipid-lowering agents (all p<0.001). Conversely, angiotensin-converting-enzyme inhibitors/angiotensin II receptor blockers and calcium channel blockers were more frequently administered in diabetic patients (p<0.001). In addition, diabetic patients received less frequently than nondiabetic individuals thrombolytic therapy (14.5 vs. 18.6%, p<0.001) and primary PCI (46.6 vs. 55.5%, p<0.001). Finally, diabetic patients had longer hospital stay (median 8.0 vs. 6.5 days, p<0.001).
With respect to in-hospital outcomes, diabetic patients had almost double in-hospital mortality as well as cardiogenic shock rates than nondiabetic individuals. The difference in reinfarction, stroke, and MACCE rates were also statistically significant (Table 2 ). In multivariate analysis, diabetes was identified as predictor of mortality (OR 1.23, 95% CI 1.03-1.46, p=0.022) and of MACCE (OR 1.22, 95% CI 1.05-1.42, p=0.009).
With respect to temporal trends, both diabetic and nondiabetic individuals exhibited a significant reduction with respect to mortality, reinfarction, cardiogenic shock, and MACCE over time ( Figure 1 ). Specifically, in-hospital mortality dramatically decreased in diabetic patients, from 19.9% in 1997 and 9.0% in 2010 (p trend <0.001) with an ageadjusted annual mortality decrease of 6% (OR 0.94, 95% CI 0.91-0.96, p<0.001). Per additional admission year, a reduction in age-adjusted rate of reinfarction (OR 0.86, 95% CI 0.82-0.90, p<0.001), cardiogenic shock (OR 0.88, 95% 0.86-0.90, p<0.001), as well as MACCE (OR 0.92, 95% CI 0.90-0.94, p<0.001) was observed in diabetic patients.
Gender-related temporal trends in the outcomes of diabetic patients
Compared with diabetic males, diabetic females were older (mean age 73.0 years vs. 66.4 years), presented more frequently with dyspnoea, had more often atrial fibrillation, presented in more advanced Killip class, had more hypertension, and more frequently had a body mass index ≥30 kg/m 2 but were less frequently current smokers ( Table 3) .
With respect to comorbidities, women had less frequently pre-existing coronary artery disease than men while cerebrovascular, peripheral, and renal disease were equally distributed among genders. With respect to pharmacological treatment, diabetic females were significantly less frequently treated with clopidogrel, GP IIb/IIIa antagonists, beta-blockers, and lipid-lowering agents (all p<0.001). In addition, women with diabetes benefited less frequently from primary PCI than diabetic males (38.5 vs. 50.5%, p<0.001). Finally, diabetic women had longer hospital stay than men (median 9 vs. 7 days, p<0.001).
The delay between symptom onset and admission to hospital were significantly higher among diabetic patients than among nondiabetic individuals (median time 255 min vs. 195 min, p<0.001). Furthermore, diabetic females had longer delay between symptom onset and admission than males (median 300 min, interquartile range 140-840, vs. 240 min, 120-650). Over the years, the delays diminished among both diabetic and nondiabetic individuals (p trend =0.035 and <0.001, respectively).
With respect to gender-related outcomes in the diabetic population, female patients had a significantly higher mortality (16.1 vs. 10.2%, p<0.001) as well as reinfarction, cardiogenic shock, and MACCE rates than nondiabetic individuals (Table  4 ). While among nondiabetic patients, both genders showed a significant mortality reduction over the study period (p trend <0.001), a benefit was observed among diabetic males (p trend =0.006) but not females (p trend =0.082).
The gender-stratified analysis of temporal trends showed a benefit in diabetic men (p trend <0.001 for reinfarction, cardiogenic shock, and MACCE), in diabetic women the benefit over time reached statistic significance for cardiogenic shock (p trend <0.001) and MACCE (p trend <0.04) but not for reinfarction (p trend <0.055) ( Figure 2 ).
Diabetic women had higher mortality (16.1 vs. 10.2%, p<0.001) and MACCE (19.1 vs. 12.5%, p<0.001) rates than diabetic men and within the diabetic population female gender was identified as independent predictor of mortality (OR 1.45, 95% CI 1.07-1.96, p=0.015) and MACCE (OR 1.44, 95% CI 1.10-1.88, p=0.007) ( Table 5 ).
Use of evidence-based therapy
Diabetic patients had an overall lower EBT-adherence score than nondiabetic individuals (5.5±1.9 vs. 5.8±1.7, p<0.001), despite a significant improvement over time (from 2.9±1.3 in 1997 to 5.8±1.6 in 2010, p trend <0.001). Despite an improvement over time for both males (from 3.1±1.2 in 1997 to 6.0±1.4 in 2010, p trend <0.001) and females (from 2.6±1.3 in 1997 to 5.4±1.9 in 2010) (p trend <0.001), diabetic females had an lower EBT-adherence score than diabetic males (5.1±1.9 vs. 5.6±1.8, p<0.001). Although the use of reperfusion therapy (thrombolysis or primary PCI) in diabetic patients increased from 42.3% in 1997 to 74.4% in 2010 (p trend <0.001), it still remained significantly lower compared with nondiabetic individuals even after adjusting for age (OR 0.93, 95% CI 0.92-0.94, p<0.001). Within the diabetic population, independent predictors of both in-hospital mortality and MACCE included age, gender, advanced Killip class, hypotension, and tachycardia, while primary reperfusion was the only independent protective factor ( Table 5 ). With respect to gender, the increase in reperfusion therapy over the years was observed in both male and females (p trend <0.001 for both). Nevertheless, even after adjusting for age, the overall use of primary reperfusion was significantly lower among diabetic women than males (OR 0.83, CI 0.71-0.96, p =0.015).
Discussion
The present study analysed gender related in-hospital outcomes and trends over a 14-year period extending up to the year 2010 in a large diabetic STEMI population of The second main finding is that diabetic women had worse outcomes than male counterparts in terms of both in-hospital mortality and MACCE. In addition, while the decrease in mortality over time reached statistical significance in diabetic males, it did not in diabetic females. Moreover, female gender was identified as independent predictor of both mortality and MACCE within the diabetic cohort. Finally, diabetic women received less frequently EBT -notably reperfusion therapythan man. Overall, the analysis shows that, in the setting of STEMI, female gender adds to the mortality and morbidity risk conferred by diabetes and that, among diabetic women, the risk is barely decreasing over time while EBT remain markedly underused.
The unfavourable outcomes we observed among diabetic patients compared with nondiabetic individuals in the setting of STEMI parallel previous findings in both the ACS clinical trial and registry settings. 6, 7 However, data on trends in mortality of diabetic patients presenting with STEMI were so far limited. A report from the USA using the Nationwide Inpatient Sample described an increase in age-adjusted in-hospital mortality between 1988 and 1996 followed by a decrease between 1996 and 2004. 10 Other reports showing a decrease in mortality for diabetic patients in the STEMI setting were limited by the small numbers of patients included. 11 Even sparser were the observations on gender-related trends in outcomes within the diabetic population. A gap in outcomes between diabetic women and men suffering myocardial infarction has been described in the Worcester Heart Attack Study which identified female gender, as in our analysis, to be an independent predictor of in-hospital mortality. 12 Those findings could not be replicated in recent European reports limited by the small populations studied. 13, 14 We documented that diabetic patients received less frequently EBT, namely antiplatelet agents, beta-blockers, lipid-lowering agents (data not shown) as well as reperfusion therapy than nondiabetic counterparts. The reasons for those findings remain speculative. With respect to antiplatelet agents, the observed underuse may possibly reflect the perceived but unproven unfavourable risk/benefit ratio in this patient population. Accordingly, although diabetic patients with ACS are at increased risk of bleeding compared to nondiabetic counterparts, 15 at the same time they derive greater benefit from potent antiplatelet agents such as GP IIb/IIIa inhibitors or prasugrel. 5, 16 The underuse of EBT in the diabetic population has been documented also in the Swedish Heart Intensive care Admissions (RIKS-HIA) registry. 7 In a multivariate analysis including all patients admitted to coronary care units at 58 hospitals during 3 years for myocardial infarction, patients with diabetes (n=5193) were significantly less likely to be treated with reperfusion therapy, heparins, and statins. Similarly, the Can Risk Stratification of Unstable Angina Patients Suppress Adverse Outcomes with Early Implementation of the ACC/AHA Guidelines (CRUSADE) quality improvement initiative, including 46,410 ACS patients in the USA, found that insulin-treated diabetic patients with ACS were less likely than nondiabetic counterparts to receive antithrombotic agents, beta-blockers, and cardiac catheterization. 17 In addition, the Euro Heart Survey on Diabetes and the Heart including 3488 patients showed that, after correcting for imbalances in baseline characteristics with multivariate analysis, diabetic patients received less frequently evidence-based pharmacotherapy and reperfusion therapy than nondiabetic ones. 18 Finally, a pooled analysis of mainly US-based ACS trials including a total of 10,163 diabetic patients showed, compared with nondiabetic individuals, lower prescription rates for aspirin, betablockers, and fibrinolytic therapy but not for thienopyridines, GP IIb/IIIa antagonists, or lipid-lowering agents. 6 
Limitations
The weaknesses of the AMIS Plus registry are limitations common to all registries. Participation in the AMIS Plus registry is voluntary; the number of hospitals varied and might therefore not be entirely representative of all hospitals in Switzerland despite the fact that more than 60% of the hospitals admitting ACS patients participated. In addition, although the registry requires enrolment of all consecutive patients at participating, selection biases cannot be excluded. The possibility of inaccuracies in data entry cannot be totally ruled out and may thus create unrecognized biases. Although individual on-site auditing at the participating centers was performed only sporadically, data questionnaires were continuously and carefully checked by the data management centre. The limited resources of the AMIS Plus registry do not allow for systematic site visits and audits or very large questionnaires. Important variables potentially influencing in-hospital mortality such as time from symptom onset to reperfusion, bleedings, extent of coronary artery disease, and patency of infarct-related artery were not available for a sizable proportion of patients because they were collected only at a later phase of the AMIS Plus experience. Therefore, those variables were not included in the analysis. In addition, there were no assessments of clinical eligibility for each drug class and thus failure to administer a certain drug may reflect a contraindication for the use. Moreover, the time point of drug administration was not recorded. In addition, important parameters like blood glucose on admission, fasting blood glucose, or haemoglobin A1 c were not systematically collected. Finally, the components of the EBT were chosen according to current standards and were weighted equally, although the evidence for the individual components may be different and have changed over time. Despite all the mentioned limitations, the AMIS Plus database is sizable for a small country like Switzerland, represents hospitals of various size and settings and offers recent data.
Conclusion
In conclusion, in-hospital mortality of diabetic STEMI patients in Switzerland improved dramatically over time. However, it remained twice as high as in nondiabetic individuals and no significant improvement over time could be detected among diabetic females. While diabetes was found to be an independent predictor of in-hospital mortality in the overall population, the same was true for female gender within the diabetic cohort. The delay from symptom onset to hospital admission as well as the use of EBT -and specifically of reperfusion therapyimproved over time in the diabetic population but remained lower than in nondiabetic patients, particularly in females. This might have contributed to the less favourable outcomes observed in female diabetic patients.
